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Abstract: Healthcare is a fundamental aspect of human life, impacting individuals, communities, and 
societies. Investing in healthcare infrastructure, services, and education is essential for fostering a 
healthy, thriving population. Healthcare waste management is a critical aspect of public health, and 
it requires a concerted effort from healthcare facilities, governments, and communities to ensure that 
waste is managed in a way that minimizes risks to human health and the environment. This paper 
proposes a hybrid methodology combining the Opinion Weight Criteria Method (OWCM) and the 
Combinative Distance-Based Assessment (CODAS) within the framework of Triangular 
Neutrosophic Sets (TNS) to evaluate and select the optimal healthcare waste treatment devices. The 
proposed methodology balances various conflicting criteria and incorporates uncertainty in expert 
assessments to ensure a robust decision-making process. The paper also provides a comprehensive 
review of healthcare waste management devices and highlights the need for a comprehensive 
approach to healthcare waste management. The proposed methodology is applied to a case study 
involving evaluating healthcare waste treatment devices based on different factors such as economic, 
environmental, technological, and social aspects. The results show that the OWCM-CODAS 
methodology, integrated with TNS, effectively evaluates and ranks healthcare waste treatment 
devices based on multiple criteria. The sensitivity analysis demonstrates the robustness of the 
proposed model, and the results indicate that the model's performance and the relative ranking of 
the alternatives are not sensitive to changes in the threshold parameter t within the tested range. 
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1. Introduction 


The healthcare sector plays a vital role in our lives. Its role is to prevent diseases and improve 
the quality of life. Healthcare management is the backbone of the healthcare industry, playing an 
essential role in ensuring that healthcare services are delivered efficiently, effectively, and safely [1]. 
Effective healthcare management is the key to properly handling healthcare waste [2]. Healthcare 
activities generate healthcare waste, categorized into hazardous and non-hazardous waste [3]. 
Hazardous waste includes infectious waste, pathological waste, sharps waste, chemical waste, 
pharmaceutical waste, cytotoxic waste, and radioactive waste [4]. The non-hazardous waste includes 
general waste that poses no biological, chemical, radioactive, or physical hazard [5]. 

The significant sources of healthcare waste are hospitals, laboratories, mortuary and autopsy 
centers, animal research and testing laboratories, blood banks and collection services, and nursing 
homes for the elderly [6]. Healthcare waste can pose health risks to hospital patients, health workers, 
and the public. These risks include sharps-inflicted injuries, toxic exposure to pharmaceutical 
products, chemical burns, air pollution, thermal injuries, and radiation burns [7]. Health waste is a 
significant concern globally, particularly in countries with poor hygiene and high population density. 
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Medical centers, including hospitals and clinics, generate hazardous biomedical waste that risks 
human health and the environment if not managed properly [8]. The World Health Organization 
(WHO) emphasizes the importance of proper waste management in healthcare facilities to prevent 
spreading infections and diseases. This includes segregation, collection, storage, transportation, and 
healthcare waste treatment [9]. 

Healthcare waste management is critical to ensuring the safe and environmentally sound 
disposal of waste generated by healthcare activities, especially during and post-COVID-19 pandemic 
era [10]. Healthcare waste treatment devices are medical waste disposal equipment designed to treat 
and dispose of hazardous medical waste safely and efficiently [11]. According to the WHO, healthcare 
waste management involves segregation, collection, storage, transportation, and treatment of 
healthcare waste [12]. To properly dispose of healthcare waste, especially during a pandemic such as 
COVID-19, the following steps should be taken [13, 14]: 

i). Segregation: Proper segregation of waste at the source is crucial. This involves separating 
hazardous healthcare waste from non-hazardous waste, which can reduce the overall volume 
of hazardous waste and associated disposal costs. 

ii). Storage: Store waste in designated areas, such as waste storage rooms or containers, to 
prevent mixing different types of waste. 

iii). Transportation: Transport waste to treatment and disposal facilities using designated 
vehicles and containers to prevent leakage or spillage. 

iv). Treatment: Treat waste using appropriate methods, such as autoclaving, incineration, or 
chemical treatment, to render it non-infectious and non-hazardous. 

v). Disposal: Dispose of treated waste in designated landfills or other environmentally sound 
methods. 

The selection of appropriate healthcare waste treatment devices is a complex decision-making 
process that involves multiple criteria and stakeholders. Using MCDM methods like OWCM and 
CODAS, healthcare managers can systematically evaluate and select the best healthcare waste 
treatment devices based on multiple criteria. The systematic decision-making process can guarantee 
that the chosen solution is effective, cost-efficient, environmentally friendly, and compliant with 
regulations, ultimately contributing to a healthier society. The OWCM method is used to calculate 
weight for criteria [15], and CODAS is used to evaluate and rank alternatives based on multiple 
criteria. Healthcare facilities and waste management authorities can use these methods to evaluate 
and compare different healthcare waste treatment devices, considering multiple criteria and 
stakeholder perspectives. This can help ensure that the selected device is the most appropriate and 
effective for managing healthcare waste safely and environmentally soundly. 

This paper aims to develop a systematic and reliable methodology for evaluating and selecting 
the optimal healthcare waste treatment devices. This methodology balances various conflicting 
criteria and incorporates uncertainty in expert assessments to ensure a robust decision-making 
process. This paper also addresses the growing concern about improper healthcare waste 
management and its impact on human health and the environment. To this end, a framework for 
healthcare facilities and waste management authorities is provided to evaluate and select effective 
healthcare waste treatment devices that meet their specific needs and constraints. The paper also 
contributes to the existing body of knowledge on healthcare waste management by: 

i). Providing a comprehensive literature review on healthcare waste management devices. 

ii). Highlight the need for a comprehensive approach to healthcare waste management that 
considers the entire waste management cycle, from segregation to disposal. 

iii). Contribute to developing sustainable and environmentally sound healthcare waste 
management practices prioritizing human health and environmental protection. 

iv). Proposing a novel approach to evaluating and selecting healthcare waste management 
devices using MCDM methods. 
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v). Applying the proposed approach to a real-world problem, demonstrating its effectiveness in 

evaluating and selecting the most suitable healthcare waste management device. 

vi). Conducting a sensitivity analysis to test the robustness of the proposed approach and 

provide insights for future research. 

The paper is structured as follows. Section 2 presents a literature survey for healthcare waste 
management devices. Section 3 discusses the methodology by introducing MCDM methods that can 
be used for healthcare waste management. Section 4 presents the case study to choose the most 
suitable healthcare waste management device. Section 5 presents the experimental results and 
sensitivity analysis, followed by a conclusion in Section 6. 


2. Literature Review 


Healthcare waste management is a critical concern globally, particularly in developing countries 
where improper disposal can lead to severe public health and environmental issues. Effective 
management involves selecting appropriate treatment devices to handle various types of healthcare 
waste. Selecting the best healthcare waste treatment device is a critical decision-making problem 
involving evaluating multiple criteria. The MCDM methods have been widely used to address this 
problem. Several studies have proposed different MCDM methods to evaluate and select the best 
healthcare waste treatment devices. For example, a FUCOM-CRADIS method for selecting the best 
healthcare waste incinerator technique is proposed in [17]. The study identified four main factors for 
evaluating six healthcare waste incinerator alternatives. Another study uses the interval-valued 
intuitionistic fuzzy (IVIFS) methodology to assess healthcare waste treatment methods [18]. A hybrid 
approach is proposed in [19] that combines Pythagorean fuzzy sets with compromise solution 
methods to evaluate and select the best medical waste treatment technology. Arunodaya Raj Mishra 
et al. have used IVIFSs with the COPRAS method for healthcare evaluation. Considering the 
uncertainty and imprecision inherent in the decision-making process, the proposed approach can 
provide a more comprehensive and nuanced evaluation of healthcare facilities’ performance in 
hazardous waste recycling [20]. Healthcare waste disposal firms also play a crucial role in ensuring 
the safe and environmentally responsible disposal of hazardous waste generated by healthcare 
facilities. Therefore, Ankur Chauhan et al. proposed a multi-method approach for selecting 
healthcare waste disposal firms [21]. Ahmad Abdelhafeez et al. have used a neutrosophic MCDM 
model to evaluate and rank different solutions for healthcare waste management [22]. Tuba Adar et 
al. discuss a new approach to selecting the best healthcare waste treatment technology (HCWTT) 
using a multi-criteria hesitant fuzzy linguistic term set (MC-HFLTS) [23]. Khalil al-Sulbi et al. present 
a fuzzy TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) approach for 
comprehensive evaluation of bio-medical waste management (BMWM) systems [24]. The proposed 
method aims to advance sustainability and decision-making in BMWM by developing a multi-criteria 
decision analysis (MCDA) framework that incorporates fuzzy logic and TOPSIS. Mohammad Ali 
Beheshtinia et al. present a hybrid MCDM method to evaluate and prioritize healthcare waste 
disposal center locations [25]. Prioritizing healthcare waste disposal methods that consider 
environmental health using an enhanced multi-criteria decision-making method involves evaluating 
and ranking different disposal methods based on their environmental health impacts [26]. 

The OWCM is a decision-making approach that can be applied to the optimal selection of 
healthcare waste treatment devices. Using OWCM, decision-makers can evaluate and prioritize 
treatment options based on various criteria, such as cost-effectiveness, sustainability, and 
environmental health. The OWCM method is particularly useful in MCDA to ensure zero 
inconsistency in the weight assignment process. As a result, the weights assigned to each criterion 
are consistent and reliable, which is necessary in evaluating and prioritizing different factors 
systematically [15]. The CODAS method is an MCDM technique used to evaluate and select the best 
option among alternatives [16]. For example, an integrated SWARA-CODAS using spherical fuzzy 
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sets is proposed in [27]. The TNS is a mathematical framework used to represent uncertain and 
imprecise information. It's an extension of fuzzy sets, where each element is characterized by three 
membership functions: truth (T), indeterminacy (I), and falsity (F). TNS represents these membership 
functions as triangular numbers [28]. 


3. Material and Methods 


This section presents the methodology for the assessment of healthcare waste treatment devices. 
The methodology integrates the OWCM and the CODAS within the TNS theory framework to 
comprehensively evaluate key aspects and their sub-indicators, determine their weights, and rank 
the selected alternatives. 


3.1 Concepts and Preliminaries related to TNS [28, 29] 


Triangular Neutrosophic Sets (TNS): A TNS is a mathematical framework representing 
uncertain and imprecise information. It's an extension of fuzzy sets, where each element is 
characterized by three membership functions: truth (T), indeterminacy (I), and falsity (F). 

A single-valued triangular neutrosophic set is given by: A = (Ay, A2,A3); 04,97, Ba, 

where A;,A2,A3 are the lower, middle, and upper parts of the neutrosophic numbers. A single- 
valued triangular neutrosophic number is represented as a triplet (T, I, F), where T is the membership 
degree, I is the indeterminacy degree, and F is the non-membership degree. 

The definitions for single-valued triangular neutrosophic numbers are as follows: 

Definition 1. Single-valued triangular neutrosophic a = ((a,, @2, 43) : @qg,8q,6q) is a neutrosophic 
set on the real line set R. The set a is classified as a truth-membership function (T,), indeterminacy 
membership function (/,) and falsity membership function (F,) and the equation formed by these 
memberships is as follows: 

e T(x) represents the degree of truth that the element x belongs to the neutrosophic set. 


Qa (=") (a, <x < a) 


az-a 
T, (x) = Qa (x = az) 
a 
a3-Xx 
<x< 
(22) (sx <a) 
0 otherwise 


e I(x) represents the degree of uncertainty or ambiguity that the element x belongs to the 
neutrosophic set. 


az —-Xx 
6. (— ) @sx <a) 


az — ay 
I, (x) = 6a (x = a2) 
x — a3 
04 (— =) (ag <x < az) 
1 otherwise 
e F(x) represents the degree of falsity that the element x belongs to the neutrosophic set. 
a,—-Xx 
Ba (3 — ~) (a, Sx < az) 
x=a 
mee. os (x = a2) 
a 3 — ay 1+ Se: 
1 otherwise 


where @q,9q,Bq © [0,1] and a1, az,a3 € R,a, <a, < az) 
Defintion2: let X = ((@,, dz, 43): @q,9q,Bq) and Y = ((b,, bz, b3): ay, Oy, By) be two single-valued 
triangular neutrosophic numbers and y # 0 be any real numbers. Then, 
i). Addition of two triangular neutrosophic numbers 
X+Y= ((ay + by, a2 + bz, a3 + bz); Aq AN Ay, Oa N Oy, Ba A By) 
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ii). Subtraction of two triangular neutrosophic numbers 
X-Y= ((a; — bg ,dz — bz, a3 — by );Aq N Ly, Oa V Op, Ba V Bo) 
iii). The inverse of triangular neutrosophic number 


ai= a= a Qa 9a, Ba), where (a #0) 


a3 a2’a 
iv). Muleéiicaton of two triangular neutrosophic numbers X* Y 
((a,b, 1 Ab, ,A3b3);Aq A ay, Aq V Op, Ba V By if (a3 > 0, bs > 0) 
XY = { ((aib3 ,a2b2 ,43b1);Aq A Oy, 0a V Oy, Ba V By)if (a3 >0, bz > 0) 
((azbs 1 Az, ,A4b1);q A Ay, Og V Oy, Ba V By if (az > 0, bs > 0) 
v). Division of two triangular neutrosophic numbers X/ Y 


a, Az Q3 ; 
(22. 3):a A @p, 8a V O5,Ba V By lif (az >0, b3 > 0) 


xX a3 Az ay ? 
a (Fp pita A Ba V 85,Ba V By lif (a3 >0, b; > 0) 


a3 Az ay : 
(Fe A)iaaa Ap,9aV Oy, Ba V By lif (a3 >0, b3>0) 
bz bz by 

vi). Score Function to convert to crisp numbers 


S(ry) = CED) +247 1-8) (1) 


A linguistic variable is a variable that is expressed in linguistic terms, which are then displayed 
by triangular neutrosophic numbers. This study uses a linguistic scale from Table 1 to obtain the 
relative weights of the criteria. The triangular neutrosophic scale is given by [29]: 


Table 1. TFN scale. 
Linguistic Scale Triangular neutrosophic Number 


1 ((1,1,1);0.50,0.50,0.50) 
((2,3,4);0.30,0.75,0.70) 
((4,5,6);0.80,0.15,0.20) 
((6,7,8);00.90,0.10,0.10) 
((9,9,0);1.00,00.0,0.00) 


oN O10 


In the context of healthcare waste treatment device evaluation, TNS can effectively handle the 
uncertainty and vagueness inherent in expert assessments. 


3.2 Proposed Hybrid Methodology OWCM-CODAS 


The following are the steps to follow the OWCM-CODAS methodology: 

e Phase 1: Criteria and sub-indicators identification 
Step 1. Determine the main criteria for assessing healthcare waste treatment devices, such as 
economic, environmental, technological impact, and social. 
Step 2. Break down each key aspect into measurable sub-indicators. For example, 
environmental impacts may include waste reduction, energy consumption, and air emissions. 

e Phase 2: Expert input and data collection 
Step 3. Collect assessments from experts on the importance of each criterion and sub-indicator. 
Use TNS to capture the uncertainty in their judgments. Evaluate each alternative healthcare 
waste treatment device against each sub-indicator using TNS, resulting in a triangular 
neutrosophic decision matrix. The evaluation can be done using a linguistic scale, such as 
1,3, 5, 7, and 9, given in Table 1, which are then converted to TNNs. Then, the score function 
in Eq. (1) is used to convert TNS numbers into crisp numbers to get a crisp matrix. 
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Step 4. Then aggregate these matrices to get the decision matrix, using Eq. (2). 
_ Yar sY) 


Dy = =, (2) 
where N refers to the number of decision-makers. The decision matrix form is given by Eq. 
(3): 
44 Sig a Xan 
= a1 2 - on (3) 
Riad Windies 


where x;; indicates that i= 1,2......m ;j=1,2,.....m. 
e Phase 3: Weight determination using OWCM 
Use the OWCM to process expert opinions and calculate the weights for each criterion and 
sub-indicator. This involves the following steps: 
Step 5. Normalizing the decision matrix, given by Eq. (4): 


Rij = max (4) 


where Xj"** is the max value for each criterion. 
Step 6. Calculating the average score, given by Eq. (5): 
1 
where N is the number of alternatives. 
Step 7. Calculating the degree of preference variation, given by: 


Q; = YEAR, -— KY (6) 
Step 8. Determine the difference in preference level, given by: 

yj =1-Q; (7) 
Step 9. In the final step, the weight for each criterion can be found, given by: 

WwW; = oe (8) 


e =Phase 4: Distance calculation using CODAS 
Step 10. The decision matrix in Eq. (3), using Eq. (2), can be normalized and is given by: 
Xij : 
,jJEB 


max; Xij 


xi = es jec (9) 

Xij 
Step 11. The weighted normalized decision matrix can be obtained using the weights obtained 
in Eq. (8), and is given by: 
R= [rylnem = Wj. Xi; (10) 
Step 12. The Negative-Ideal Solution (NS matrix) formed the worst-case scenario for each 
criterion and is given by: 
NS = [nsijlnxm= ming Kj (11) 
Step 13. Given the Negative-Ideal Solution in Eq. (11), the Euclidean and Taxicab distances of 
each alternative can be computed and are given by: 


a) The Euclidean distance to measure the overall deviation is as follows: 
E;,= Djaa ry — NS;)? (12) 


b) The Taxicab distance is as follows: 


T, = Lj-alry — NS;| (13) 
Step 14. Build the relative assessment matrix [his]nxzm based on the following: 
his = (Ei — Ex) + (vy (Ei — Ex). (Ti — Tr) (14) 


where s € {1,2,....m} and y denotes a threshold function to recognize the equality of the 
Euclidean distances of two alternatives and is given as follows: 


ee ei |x| =T 


0, Ixl<rt (15) 
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Note that the t in Eq. (15) is the threshold parameter that the decision-maker can set. Setting 
this parameter at a value between 0.01 and 0.05 is suggested. If the difference between 
Euclidean distances of two alternatives is less than t, these two alternatives are also compared 
by the Taxicab distance. In this paper, we use t = 0.02 for the calculations. 

Step 15. Combine Distance Scores using the following Eq. (16): 

Hy = Dios Pin (16) 
Step 16. Rank the alternatives based on their relative closeness values. The alternative with 
the highest relative closeness value is considered the best option. 


4. Case Study 


Healthcare facilities generate significant amounts of waste that require effective and safe 
treatment. The selection of appropriate healthcare waste treatment devices is critical to ensure 
environmental safety, operational efficiency, cost-effectiveness, and overall public health. However, 
the decision-making process is complex due to the multiple criteria involved and the inherent 
uncertainties in expert judgments. The optimal selection of healthcare waste treatment devices is a 
crucial decision-making problem that involves evaluating multiple criteria and considering the 
uncertainty and imprecision of the data. The TNN approach is a suitable method for addressing this 
problem. The approach handles the uncertainty and imprecision in decision-making problems. This 
paper presents a hybrid methodology combining the OWCM and the CODAS within the Trapezoidal 
Neutrosophic Sets (TNS) framework. The methodology is designed to provide a comprehensive, 
consistent, and uncertainty-aware evaluation of healthcare waste treatment devices. The proposed 
methodology aims to enhance the decision-making process for selecting healthcare waste treatment 
devices, ensuring that the chosen solution is optimal in terms of efficiency, cost, environmental 
impact, and safety. This approach improves operational outcomes and environmental and public 
health management in healthcare settings. 

The following criteria and sub-indicators identified for evaluation are given by [30]: 

e Economic Criteria 
C1: Investment Costs (Cost): The capital expenditure required to acquire and install the 
treatment device. 
C2: Annual Usage Costs (Cost): The ongoing costs of operating and maintaining the device 
annually. 

e Environmental Criteria 
C3: Waste Reduction (Benefit): The device's efficiency in reducing waste volume and 
harmfulness. 
C4: Energy Consumption (Cost): The energy required to operate the device. 
C5: Air Emissions (Cost): The level of pollutants released to the atmosphere from using the 
device. 

e Technological Criteria 
C6: Treatment Effectiveness (Benefit): The device's capability to effectively treat various types 
of healthcare waste. 
C7: Treatment Flexibility (Benefit): The ability of the device to handle different waste streams 
and adapt to changing requirements.C8: Automation Level (Benefit): The extent to which the 
device can operate with minimal human intervention. 

e Social Criteria 
C9: Health Impact (Cost): The potential health benefits or risks to workers and the public due 
to the use of the device. 
C10: Public Acceptance (Benefit): The level of acceptance and support from the community 
and stakeholders for using the device. 
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5. Decision-making and Experimental Results 


The section describes the experimental results from the case study. The section is organized into 
three parts: the methodology application steps, a discussion of the obtained results, and a sensitivity 
analysis of the model. 


5.1 Application of TVS-OWCM-CODAS Methodology 


e Phase 1. Criteria and Sub-Indicators Identification 
Step 1. Identified key criteria: Economic, Environmental, Technological, and Social. 
Step 2. Sub-indicators for each criterion were defined in Section 4. 
e Phase 2. Expert Input and Data Collection 
Step 3. Experts provided assessments for each criterion using TNS to capture uncertainty in 
their judgments to get an evaluation matrix, given in Table 2. 


Table 2. Decision maker opinion. 


DMs _ 1121/3 | C4] | C7 8 | oo CO 
Al [1 o | s |o 1s 190 |e tf? fe fs 
A2 5 | 5 13 17 | 1 | 517 1315 17 
DMI A3 i ae a al coo. i 
A4 9 | 7 13 | 5) 1) 3 17 11.) 1 11 
Al 3 13 13 15 17 18 oy Bod 
A2 7 \-5 | 11.8 1|.9.| 2.16 1.7 | 5 1 5 
DM2 A3 3 | 7 19 | 7 13.1.9 1.9 17 1117 
A4 1) 9 |)s5 |. 1 | 5 13) 5 |) 1) 3°19 
Al . | o-|.6.|1_|.8_| 2.1 6-1 5 1.3 | 5 
A2 . i te. el el eo) eo. ee 
DMS A3 9 |S |S | 8 17 1s |S LZ SZ 
AA 7 11 17 13) 1) 7 13) 3 1113 


Step 4. Convert TNS numbers into crisp numbers using the score function in Eq. (1) to obtain 
the crisp matrix. Then, the matrix will be aggregated using Eq. (2) to get the decision matrix 
using Table 3. 


Table 3. Decision matrix. 
C1 | C2 C3 | C4 | C5 C6 C7 C8 C9 C10 ; 


Al 181 085 3.01 353 267 3.53 2.67 3.74 3.64 1.81 
A2 482 482 2.55 5.56 353 181 448 438 482 5.46 
A3 438 3.74 546 546 438 3.53 4.72 6.2 3.63 5.56 
A4 4.27 427 3.74 1.81 1.69 2.67 3.74 062 0.62 2.45 


e =©Phase 3. Weight Determination Using OWCM 
Step 5. Normalize the decision matrix in Table 3 using Eq. (4) to get the normalized OWCM 
matrix in Table 4. 
Table 4. Normalized matrix 
I SO 
Al 0.376» =—0.176 = (0.550 (0.634.— «0.608 = 11.000) :0.565 0.604 (0.756 ~=—0.326 
A2 1.000 1.000 0467 1.000 0.805 0.513 0.949 0.707 1.000 0.982 
A3 0.909 0.776 = 1.000 =—-0.982,— 1.000 =1.000 =1.000 31.000 0.752 1.000 
A4 0.885 0.885 0.686 0.326 0.387 0.756 0.793 0.099 0.128 0.441 


Step 6. Calculate the average score using Eq. (5). 

Step 7. Calculate the degree of preference variation using Eq. (6). 

Step 8. Determine the difference in preference level using Eq. (7). 

Step 9. Calculate the final weight using Eq. (8), which is given in Table 5 below. 
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Table 5. Final weight. 


75 


C1 C2 C3 C4 c5 co Cc cs co C10 
Al 0.173691 0.284219 = 0.01572052 0.010231 0.008385 0.033371 0.068675 0.000001807 | 0.009365 0.130602 
A2 0.043123 0.084455 0.04359727 0.069953 0.011 0.092378 0.015042  0.010897414 0.11629 0.086998 
A3 0.013607 0.004504 0.10514614 0.060764 0.090038 0.033371 0.03001 — 0.157927900 | 0.008708 0.09793 
A4 0.008548 0.030766 0.00009838 0.167969 0.098202 0.003772 0.001144 0.253146036 | 0.282074 0.060764 
N 0.792339 0.709389 (0.675738 (0.735514 (0.699937 0.817323 0.826765 0.602599 0.658986 0.687063 
Qj 0.761031 0.596056 0.83543769 0.691083 0.792375 0.837108 0.885128 0.578026843 0.583563 0.623706 
Wj (0.105941 0.082976 0.11629927 0.096204 0.110305 0.116532 0.123217 0.080465723 0.081236 0.086825 

e Phase 4. Distance Calculation Using CODAS 
Step 10. The normalized CODAS matrix is given in Table 6, which can be obtained using the 
decision matrix in Table 3, normalized by Eq. (9). 
Step 11. The weighted normalized decision matrix is obtained in Table 7, using the weights 
given in Table 5 and by using Eq. (10). 
Step 12. The Negative-Ideal Solution (NS matrix) formed the worst-case scenario for each 
criterion and is given in the last row of Table 7. 
Step 13. Compute both Euclidean and Taxicab distances of each alternative from the Negative- 
Ideal Solution using Eqs. (12) and (13) and are given in Table 8. 
Step 14. Build the relative assessment matrix [his]nixm using Eq. (14) and by assuming that the 
Tt =0.02. 
Step 15. Combine distance scores using Eq. (16). 
Step 16. Rank the alternatives based on their relative closeness values. 
The alternative with the highest relative closeness value is considered the best option and is 
shown in Table 9. 

Table 6. Normalized matrix. 

| €L- C2 - C3 + C4 - C5- C6 + C7+ C8+ O- C10 + 
Al 1 1 0.550356 0.513386 0.635417 1 0.564706 0.603943 0.169207 0.325674 
A2 0.375576 0.176267 0.466938 0.325674 0.480315 0.513386 0.949412 0.706989 0.12788 0.982018 
A3_ 0.413181 0.227003 1 0.331638 0.386565 1 1 1 0.169985 1 
A4 0.424479 0.199219 | 0.685656 1 1 0.755906 0.792941 0.099462 1 0.440559 

Table 7. Weighted normalized matrix. 

L_CI- C2 - C3 + C4 - C5 - C6+_ | C7+ | C8+ | C9- | Ci0+ 
Al 0.105941 0.082976 0.064006 0.04939 0.070089 0.116532 0.069581 0.048597 0.013746 0.028277 
A2 0.039789 0.014626 0.054305 0.031331 0.052981 0.059826 0.116983 0.056888 0.010389 0.085263 
A3_ 0.043773 0.018836 0.116299 0.031905 0.04264 0.116532 0.123217 0.080466 0.013809 0.086825 
A4 0.04497 0.01653 0.079741 0.096204 0.110305 0.088087 0.097704 0.008003 0.081236 0.038251 
NS 0.039789 0.014626 0.054305 0.031331 0.04264 0.059826 0.069581 0.008003 0.010389 0.028277 

Table 8. Euclidean and Taxicab distances 
Ei Ti 

Al 0.122867 0.290368 

A2 0.089393 0.163615 

A3 0.136602 0.315535 

A4 0.127173 0.302266 

Table 9. Final rank. 
Al AZ A3 __A4 Hi RANK 

Al 0 0.033558 — -0.01373 —-0.00431 ~=——-0.015525 3 
A2 -0.03339 0 -0.04706 —_-0.03768 — -0.11813 4 
A3 0.013742 0.047352 0 0.009431 0.070525 1 
A4 0.004308 0.037885 — -0.00943 0 0.032766 2 


Asmaa Elsayed and Bilal Arain, A Systematic Approach for Evaluating and Selecting Healthcare Waste Treatment Devices 
using OWCM-CODAS and Triangular Neutrosophic Sets 


Neutrosophic Systems with Applications, Vol. 19, 2024 16 
An International Journal on Informatics, Decision Science, Intelligent Systems Applications 


5.2 Ranking Discussion 


Finally, alternatives Al to A4 were ranked based on their relative closeness values (Hi) derived 
from the relative assessment matrix. Table 9 shows the final ranking of the alternatives. Alternative 
A3 emerges as the top-ranked option (Rank 1), indicating it performs best overall compared to A1, 
A2, and A4. The alternative A3 has the highest relative closeness value (0.070525), indicating it is the 
best option. Alternative A4 is ranked second, followed by Al and A2. A3 likely excels in multiple 
criteria, possibly demonstrating superior economic, environmental, technological, and social in 
healthcare waste treatment. The methodology provides insights into each alternative's strengths and 
weaknesses across various dimensions, aiding decision-makers in selecting the most suitable 
healthcare waste treatment device. The OWCM-CODAS methodology, integrated with TNS, 
effectively evaluates and ranks healthcare waste treatment devices based on multiple criteria. The 
results obtained from this structured approach provide a clear hierarchy of alternatives, facilitating 
informed decision-making to optimize healthcare waste management strategies. This methodology's 
robustness in handling uncertainty and ensuring evaluation consistency enhances its applicability 
across diverse decision contexts. 


5.3 Sensitivity Analysis 


This paper uses sensitivity analysis to assess the robustness of the proposed OWCM-CODAS 
model and understand how threshold parameter (t) changes affect the ranking of alternatives. 
Conducted a sensitivity analysis by varying the value of t within a defined range. Then, the impact 
of the change of value t can be identified on the ranking of the alternatives. We use fourteen values 
for t in the range of 0.01 to 1. The ranking results obtained by the CODAS method in different values 
of t are presented in Table 10. The graphical showing the ranking of alternatives is also depicted in 
Figure 1. According to Table 10 and Figure 1, the rankings of the alternatives (A1, A2, A3, and A4) 
remain consistent across all values of t from 0.01 to 1. Figure 1 also shows the stability of the rankings 
across different values of t, demonstrating the robustness of the CODAS method. The results indicate 
that the model's performance and the relative ranking of the alternatives are not sensitive to changes 
in the threshold parameter t within the tested range. Therefore, we can confirm the results of the 
CODAS method. 


=—@—Al —@A2 A3 =—@—A4 
T=0.02 
t=1 O1 T=0.01 
0.05 
T=0.03 
T=0.04 
T=0.05 
T=0.06 
T=0.09 T=0.07 
T=0.08 


Figure 1. Graphical representation of rankings with different values of t. 
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Table 10. Ranking results with different values of t. 


T= T= T= T= T= t= T= T= T= T= T= T= T= T= 
0.02 0.01 0.03 0.04 0.05 0.06 0.07 0.08 0.09 01 O02 03 O5 1 
Al 3 3 3. 3 3 3 3 3 3 3 3 3 3 3 
A2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
A3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
AG 2 2 2 2 2 2 2 2 2 2 2 2 2 2 


6. Conclusion 


Healthcare waste management is vital to ensuring the safe and environmentally sound disposal 
of waste generated by healthcare activities. The improper management of healthcare waste poses 
significant risks to human health and the environment. Selecting appropriate healthcare waste 
treatment technologies is a complex decision-making process involving multiple criteria and 
stakeholders. Using MCDM methods, healthcare facilities and waste management authorities can 
evaluate and compare different healthcare waste treatment devices, considering multiple criteria and 
stakeholder perspectives. This can help ensure that the selected device is the most appropriate and 
effective for managing healthcare waste safely and environmentally soundly. The study presents a 
systematic and reliable methodology for evaluating and selecting healthcare waste treatment devices, 
combining OWCM and CODAS within TNS. The robustness of the methodology is confirmed 
through sensitivity analysis, ensuring consistent and reliable decision-making for optimal healthcare 
waste management. This approach enhances operational outcomes, environmental safety, and public 
health management in healthcare settings. The case study results show that the proposed OWCM- 
CODAS methodology, integrated with TNS, is a reliable and effective tool for evaluating and 
selecting healthcare waste treatment devices. The methodology can be applied to various decision- 
making problems in healthcare waste management, contributing to better environmental and public 
health management in healthcare settings. 
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